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INTRODUCTION 

Computers are for kids was the motto advanced by Digital 
iquipment Corporation, a leading manufacturer in the field of 
interactive instrUGtlonal connputerB. Faithful to a commlthient In 
educational coffiputlng, they have publiihed lournals featuring 
heart-warming excerpts about how connputers sparked elementary 
and secondary school pupils into enthusiastic learners. Recently^ 
however, the word kids was replncedj the motto now /eads: 
COMPUTERS ARE FOR EVERYONE 

The latter premise will be used subsequently as an endorse-^ 
men! for the theme of this essay: "Computers are for teachers/- 
meaning instructors in elementary and secondary schools. It is the 
author's conviction, based on research, that not enough is being 
done in American colleges of educalion to teach prospective and 
practicing teachers about computers and their instructional appli- 
cations. If computers are for everyone, they must be for teachersi 

Computer education for teachers surfaced In the mid-1960b, By 
the early seventies several important documents were publlsheci 
and alerted educators to the need for computer training. The Re^ 
port of the President's Sdence Adylsory CommlttBe to The White 
House on Compufers in Higher Edumion appeared In February^ 
1967. In an appendi5< to that report, H. O, Pollak, director ot 
mathematics and statistics research at Bell Telephone Labora^ 
tories, mentioned the need for prospective secondary mathematici 
teachers to study In college about computers and their applica" 
tions. Citing the facts that alt currlcular reforms planned for 
secondary mathematics Involved tha usa of computers and that 



tejcts for a high scHdoI computing course had Just been published^ 
Pollak Justifit'd his concern and that of otht^r mathematicions 
about compulcr eduaitlon for tGuchers, 

In 1970 Ernost Anastasio and Judith Morgan conducted a study 
based on the Delphi technique and a follow-up conference for 
the authoHllei who had participated In their research project. 
Several reasons were cited as responsible for obiiructing both 
numbers and uses of computers In instruction. Among th#} inhibit- 
ing factori were teacher anxieliei about handling computer 
equipment, preparing computer-based learning materials, and, in 
generalj effectively teaching with the aid of compuEeri, Other 
concerns, such as being deprived ol highly valued personal 
relationship! with students and even being replaced by computers, 
were also expressed. 

A major recommendation was that teacher training institu- 
tions should be funded to design and implement action courses 
in which teachers could learn about computerSi have firsthand 
experienceii and develop positive attitudes and practical meth- 
ods for integrating computer-based learning activities into their 
tradition-oriented classrooms. 

Two other studies, both published in 1972, awakened educators 
to the problems facing teachers in light of *'the fourth revolu- 
tion," as one report termed the introduction of technological 
devices to education, The Carnegie Commission on Higher Educa- 
tion took a futuristic stance on computers in education. Using a 
normative approach to forecasting, the Carnegie team projected 
that in 2000 A.D, instructional technology would be In general use 
In schools and colleges throughout America, Given 2000 as a tar- 
get date ior full-scale acceptance of technological achievements 
In education, the commission anticipated by 1960 all colleges 
and universities responiible for training prospective high school 
teachers and college professors should offer* courses in Instruc- 
tional technology. Certainly courses about computeri would fit 
into the category of instructional technology. 

The other group advancing the cause of computer preparation 
for teachers was the Committee on Computer Education of the 
Conference Board of the Mathematical Sciences. Operating as a 
fact-finding team since 1969, this committee employed ^'lystems- 
approach'* thinking in their analysis and recommendations about 
the training of high school teachers. First they located the "reaT 
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probltMTi^-flit' I'diitittjan of fijculty jiu'niht'rs in ttic tollL'gu^ of 
i^dumtinn. fi«'r?iiiHt* \hw prnfc^Hors wc?rc» fu»ith(»r ^kilkKl in usmg 
\hv rompuli^r i\s a rvHVAn \\ lonl nor t ogni/iini of iis iipplicniions 
in the tCtichln^'jcMminj^ priKrss, thny wore uruibk^ to toiich com- 
putor courses to pro^pt'Ctivu nnd prtutking high Hchool tUiithors. 
Thf' ro%ult Wiis thdt by 1972 most icMchcr ttiiining mstltutions pf- 
fcrt'd no programs in thu dist.iplinc of "rom[]Uttjrs and educa'' 
tion,'' Given this situation, ihvhv tnarhurs wort? not ready lo 
u^c? c:ofnpuiE?r-baBed instructional altornativos in their classes. 

Because the comrniiiOE? tavo^n\iQi\ thu value of computers in 
instruction, thcfy rtM omriitmdud thiit the National Sclonct* Founda- 
tion sponsor pro^rilms to train high school tcMrhtTs in the use 
of coniputars in thi.^ir rcspectivt! disciplines. Books and journals 
published in 1975 still atidfess teacher training as f/ie way to 
insure the effective use of the conipuier in the classroom. The 
message of conrerned eductitors can be summarized as follows, 
Because teachers ^ for the most part, teach as they have been 
taught, they hiive been and will continue to be reluctant to 
utilize neWi alternaEive teaching methods afforded through the 
compijier. On the other handp if teachers can be exposed to sev- 
eral practical rollegitito courses in which they work with conn- 
puters and actually see what power these machines have in rela- 
tion to instructien, then the teachers will use computers In situa- 
tions where such technological devices can enhance learning. 
In shortj to apply the methods of computer-assisted instructlun 
(CAl)j teachers must be taught, instructional applications of 
computers. 
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COMPUTER EDUCATION FOR TEACHERS 

omputer uducation for loachun is necessary to Improve th© 
quality of the leaching profession. Te^ichers must know multip^ll? 
approache^^ for the teaching-learning process. Teachers must bi* 
ikllled in maximizing the learning potimtiaii of their students 
and capable of %a\ect\n$ the most appropriate alternatives. Mori'- 
ovc*r, teachers mu^t prepare youngsters not only to succeed a^^i-^ 
demicolly in school but also to integrate wholesomely in our lO- 
clety. For these purposes the coniputer is well suited* Compu'tfeif 
systems make learning alternaiim available to classroom learh^ 
en. In addtllon, computers acclimate youngsters to our tach^ 
nological world. Without computer training, teachers are shorts 
changed in their preparation for the profession; they are handi* 
capped in their claisrooms. Computer education for teachft^r;^ 
has become indispensable in professional training. 

What In a Computer? 

Computers are electronic devices capable of processing Informa-' 
tion at speeds approaching that of light, A computer conslstl of 
five basic components: inputs central processini unit contain^ 
ing the arithmetic/logic circuits, memory or storage, contfd; 
and output. How these units are arranged physically depends W 
the particular computer system. Any attempt to define a computer 
with more precision or to describe the machine In painstaklinig 
technological detail would be fruitless, for today computer tech-' 
nology Is rapidly changing. Computer experts In universities andl 
industries cannot reach consensus on machine descriptions aildl 
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HontT.illons, yV^^'i^ ^^Mr^^iMi up^'^^ howc'V^<*^ is th.it rcrc»nl mi- 
vanm in f>^onf>'itti*< *'ysl<>rn^ t^^^hd'^JI^y computers 
smtillcr antl ^^^\vt, \\w industry I^^H <Jlc'vi^|dp^d microscopic: logic 
circuits hog^^j in pockoi cdltU^^toiH 4rici campLJiorizeci vicl«o 
games, 

Tho valy^ pf tha compuirr H^H jri^ thi* /nfci/ZcrfUti/ services it 
ran perforfY, ^hh could vt^py we'^ b^* vvliy soriu^ people, Including 
%ome educgipf*., fear the con^P^^^'r^lNey W threatened by a 
miichlne thq| renders intellottual ^^^ryjces. 

Aside U^^fi the madern plea^'^ht.jookinK Cdbinets, which con^ 
tain the ihugrconnected unit^ a rjOmpi^tter system, the real 
beauty t>f the; machinp is jm nbil'^V w corn^^'^unicate with peoplo. 
Our IhBIc ^\^ivcnl% of tonjf^^^^'^ti^^^^ ^^^^ alphabetic symbolb, 
which propurly iolned mnke up ^^rds. Theti words joined accord- 
ing to rulo^ pf HyntDK make up H}/iti!ncc^* which can be com- 
bined to convey complex thou^^t^^ The ^asic elements of the 
romputer, ^Qw^evt^r, are the blri»*ry ^yrnb^ls 0 and 1, also called 
binary digi|^ pf "bits/* Hqw the CQff^puter knows Os and Is de- 
ponds LJpOn \hc computer*s arc^^'k^ctwrts which is the electronic 
structur*^ Of the system. In gcnc'^'M, fniagnt'^'^m induced by elec- 
tricity detOf^ifies the selection- Sj^^ in turn, are combined In 
groups to fyy^rn words, which ''iJnit^'' '"^ data processing. A 
word ^^>uk4 specify a quantity* iii$tiructic^^* or a name. Words, 
reprev ^^te^j electronically jn to the machine, then link 

the human y^^r and the compute''' 

The actg^^i rneans of corrimtJ^'tatiQn i^ known as a program. 
Generally ,5 prugram is Written a hiigherdovel language, such 
as FORTR^fm^ PL/1, BASIC, or gll a' which include itate- 
ments ^'esombling English lente^i^ pn^| arithmetic expressions. 
Once the j^pyt (source) progr*^^^. tWpO^^d of a sequence of 
statements jjj^structions, matherriaiti^a^l equations, numeric data) 
which foTf^ algorithrn, is ii^^i^fed *o the computer, the 
control unit innmediately operat^^ infernally stored program 
called the ^Q^piler. The compi'''- job is to translate the source 
program ir^^Q tN machine.|angiJ^8^ program developed In terms 
of bits and ^ords which the corf^Put^r understands. Then, assume 
ing the programmer Is accurate h '^yma^ ^nd algorithmic pre* 
sentatfori, computer pppcesl^s ^jie jnfo'"rnation according to 
the directi^^g given in the progrsrn, |rt processing information the 
computer j,^i\^s on the central \^xO'Cm%\OE unit, which is the 
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COMPUTBR AiOS THE OtClSiON MAHiR Jhh e^ccufiVe |J Using an 
eiectronic (ll^hi) pm to call for s detalM hnakdomi of a ilmlrod item 
in the $umm^ry report sfiown on ih& ^crefifi of tho computer terminal, IHg 
computor will imnwdiately ri/sp/ay foqueitmf Irstne ^nd the comrnuni^ 
cation can Cont'mw iPcforc//ng to tha €XQCU\iw*$ 5/>cc//ira(kjn.s. Photo 
courtmy IBM, 
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failesl ccmp^nent In the syitem, Thii "arjthinicticylogic unli 
ccntaini couniting clrcyin and AND, OR, NOT gaiei. With these 
electronic comporfc^nt^ the machine can calculatSj i&fl ifilorma- 
lion, coinpare data, make dccisioni, and pertorni all kinds of 
intel tactual ac«M(i 

In a s.cliQol lystem, for example, a student In a rnathfmatlci 
ciaii cou Jd prepare a p*ogran for finding (he r^li «f a quad- 
ratic equation .Assume the sttJdent has acceii to a tnJth libc^ra- 
tcpry whl<h Hornet a riinicempuier ipxmm Includt-ng, several 
Iriputyoutput npiy^tlm tefminals. The stu<leni could go to the 
rriath lab md type a pfograri at the keyboard cf me of the 
ir^puiyoutput teffni^ali. Once the communication between the 
sttJd&jit and tHeceritral pfOc«$lng mix Is initiated, the computer 
vvrill process Information In thaprogfanri In its own way ar^ in its 
own fclnaty language, Tbeniachlriewlanguageanivver is trarslated, 
underth^ direction olthccoritfolunlt, tcth«languait ef the user. 
Then \h& pcsvwof of the computer li finally ^hov^n in full glary 
wtm the typewrite* types bacl( the correct answer for the equa* 
lion. 

Up to this time, though, a smTOih-operatlng sy^stern lupplyifig 
accurate rciults has beenasiumed. If a prografn ccntainirig ev^n 
one error In iy^nia5< inubmltte-cl to acoripuier, the machine gen^ 
^r^lly will not praceis It, Instead the computer will respond by 
alerting the u^er to the error by m^ans of a message. It is then 
necessary to " debug" ih« program. On the other hand/if i pro* 
gr-am contains a ftiiitike within tfie algorithm ^r Inco^rrect data, 
th« comptjtor generally %vlll respond with an ific^rrecf answer-- 
vyhlch appears correct to the uniuipectirtg programmer. 

From tiie preceding sinplif Nd ejccursion through the CDmputer 
worlds It should be evident that the computer Is ^nd^wed wHh 
strengths, but It alphas Its wnkrieiies, These \vcakneisci can 
he dirnlniihed through clev€r prcgrarnming t^hnlquei; the 
itr^ngthi m be aiugfn^nted throiigh Ingontous lerfinotoglol 
improvements. For humanity. In general tfio cjuestion How 
Car the compuatof h«lp me? For toadiers, iri particular^ the ques^ 
tion \%\ How can th^coniputer help me te^ch rnofD e(faalvel>f? 

Carvipuler-flaseiJ Learfiln| >^lterffiiti«es in Schools 
Cc>niputer-bii|4g(j learning mafcrlals for usage In €omput«f sys* 
lerts, or CBLJvi, i»icliid€ te%tbooki, labofatory fTiariUals, data 
.basii^ canned programs, aninnated films, cemputer»rti^naaed In- 
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itryetion proiram lyrst^mi and packages, computtr*assiited In- 
iirucf^on program packagr^, and slmulatien and gam# pfograrfi 
packages, They appear in varioui phyikal formsp such a5 paper 
lap^i vyound on reeli* maanetic tapes rnount^d an reel § i*i 
ca&ietttSt card d ks, movie film, and wcrkbooM* With campuief 
lyitersH, CBLM uud a dynamic envtronmer^t to the claiiraQnri. 
A rtoh source of Inferrnallon about compiuter-based learfiirig 
materials and their role in instructional applications of corflputers 
Is learnmg Altmrmthm in US Nutition: Where StudeM anri 
Comptifef Meet wfilten by a team of reseifchcri directed b>y 
Robert Seidel. This Human Reiources Research Of|anizatlor 
group conferred the ilQgan CBLM an the materials. 

Teachers prepared to use the computer for initrucfional pur- 
poses will find the machine resourceful in a vifiety ©f way#. 
Consider the following anecdoti!S. 

Computer City Elementary School houses a fnlnicompytef ly^- 
tern with twerity televUlDn-screen lypewritef tcrniinals. Tlies^ 
sttMien? itationi serve as input/output uniti in the network, 
faculty members can gain access to ihe'computcr laboratory at 
prescribed lime periods during each week and u§e the campuiar 
fatilitief \o provide drill, practice* or tutorial lotions In mathe^ 
maiia and language arts for their itijdents. 

During the year each teacher decides vvhich youngsters c^uld 
yse the c©mputor facilities and for what reascni, For e?<annp|#, 
Mhs lanes may find several studenis behind schedule In sub* 
traction skills, VVhIle a teacher aide supervises the other IIU' 
dents. Miss )on€p;ac€ompanies this snail group to the camputer 
room and teacher ihern how to use the typewriters to csfTirnUni* 
cale with the coniputer. Once each child Is identified to the 
machine by name and special number and the stored prograrn 
m lubtraction facts \% called by its identification code, the rest 
Is simple. The computer first greets the pupil by name and the*^ 
begins the lesson. The pupil has to read the lesson from th^ 
screen andl react through the keyboard to the coniputer'i Inst rue^ 
tbns. In this way there is a constant dialog between compuiar 
and puplK Moreover, c^uh pupil may work at an Individuiil pace 
yn<ler the guidance of Miss Jones. 

While the monitoring at the beginning \% essentia^ later Misi 
Jones has the option of sending computer4iieraie youngitefs ic 
the compuiter room by themselves. A teacher aide, hovvevor, will 
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be present to maintain order in the laboratDry and to proctor these 
youngiters when noccisary. Miss jones could return to the com- 
puter roem during her fret* time or after school to monitor the 
progress of her pupi!s by recalling their lesion and test responses 
which were recorded and stored in the cofnputer's memory unit. 
Based on their performancei on lessoni and tests. Miss Jones \vill 
make herdeciiion^'about pupil placement. That is. she will decide 
whether a child should continue using different CBLM packages 
or work in the conventional situation. 

Computer City's answer to individualized education is pro- 
vided through computer-assisted instruction programs. Youngsters 
lackifii basic skills can work with the computer in a drilUand- 
practice mode at various times throughout the school year to 
fortify their arithmetic and language arts ikills. Youngsters ahead 
of their classriates can alio use the computer for tutorial les- 
sons, which give them a chance to work on more advanced topics. 

While the Computer City Elementary School provides on-line, 
interactive computer iervices to its teachers and youngsters, the 
Modern Middle School provides off-line, batch proceising com- 
puter services ta teachers and pupils, This school rents two pieces 
of cbmputef €quipment---a mark-iense card reader for input and 
a typewriter terminal for output. These devices are connected 
by telephone lines to a large computer at a university in a neigh- 
boring state. The computer lystem at Modern provides a tecfi- 
nologica! application called computer-managed instruction, Sev- 
eral teachers arc conducting individualized instrurtion programs 
in mathematics and science. The input/output uniti are teacher 
aides to these (acuity members. 

Mr. Smith, an eighth-grade science teacher, conducts ffve 
general science classes each day. He has provided individualized 
instruction (or three classes and conventional inn ructions-lecture, 
discussion, and laboratory work— for two classes. Mr. Smith, 
however, has a valuable aide to help him teach and supervise 
pupils in the irdivldualized learning classes, A. computer is a 
record keeper, test scorer, progress evaluator, and educational 
coniultant. ^ 

Aclu*jlly Mr. Smith's students do not work directly with the 
cor^put^r. The children have their own daily lessons centered on 
tejctbooki, audiovisual aids, and laboratory equipment. Kl the end 
of a lesson, eacli pupil answers several multiple-choice questions 
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by marking in pencil certain deilgnated areas on mark-iense 
cards, Mr. Smith collects these cardi and presents them to the 
computer in batches through the card reader. A stored program 
in the distant computer initiates the electronic scorlni and 
evaluative procedures. After completing a scientific analyill based 
on prngrarDmlng routines, the computer returns a diagriostic and 
prescriptive repi^rt for every youngster In Mr. Smith's classes, 
Mr. Smith retfl^ves tham computer print-out sheets dally and 
conducts his classes ficcording to speclficatloni from the 
computer. 

It should be noted that Mr Smith has the freedom to work 
with Indlvidyai pupils^ a group of pupils, or the entire class 
whenever he chooses. He is not necessarily a slave to the com- 
puter. The beauty of computer-manaied instruction lies in the 
supportive services provided by the computer. The teacher^ even 
within this seemingly structured system, has ample opportunities 
for creativity. 

Technologyvllle High School provides a rich variety of com- 
puter applications In both batch and Interactive modes for its 
students. The school principal has purchased a card reader, a 
printer, and several keypunch machines, video screen/typewriter 
terminals, and hard copy/typewriter terminals, all of which are 
connected to a computer In the district administration building. 

Students in Mr* Spock's advanced math class have been tatight 
the WATFIV language, which is a version of FORTRAN (FORmula 
TRANsiator). These students write sophisticated procedures for 
solving complex math problems, Then they keypunch the steps of 
their algorithms onto cards and submit these cards to the conri' 
puter by way of the card reader. The computer does the "busy 
work'' in making lengthy routine calculations and returns Its an- 
swers. Often students have to revise their programs until the 
computer types back sensible answers as determined ulti- 
mately by Mr. Spock. 

While most of the computer work Is done in problem solv- 
Id&? occasionally exciting simulation ejcercises are conducted 
vvith the computer. For example, Mr. Spock's students prepared 
subroutines which were used with canned programs (card decks 
containing skillfully prepared algorithms to solve differential 
equations) for sending rockets to the moon and back to earth 
again. Plotting equipment, attached to the computer and there- 



fore under computer control, was used to graphically diipiay on 
print-out sheets the rocket*! ipace journey. Each student per- 
severed with the equaiioni until they meihed correctly with the 
canned proiram; each itudent had the joy of seeing a rocket fly 
to the moon and back. There were no crash landings and no 
rockets lost in space either! 

Other teachers at Technglogyvilie use the computer for prob^ 
lem solving and simulation exerches in their -classes. Every be-^ 
ginning student must take a fundannental computer-literacy course 
to learn how to communicate with the machine in BASIC {Be- 
ginner's AlUPurpoie SymbQlic Instruction Code), All are prepared 
to use programming skills when necessary through high schooL 
Teachers, also familiar with BASIC, take advantage of thefr 
computer-literate students and Intefraie computer-based learn- 
ing activities In their couries for enrichment. 

To this end the school provides a number of Huntington Two 
simulation packages, which are popular in biology, physics, and 
social sciences/ There are modules in genetics, water pollution, 
nuclear reaction, and presidential elections, to name a few, Hunt- 
ington Two programs are written in BASIC, considered by many 
educators to be the easiest language to learn. Under teacher 
supervision, each student works with simulation materials by 
supplying instructions and data to the commercially prepared pro- 
grams. The student^ moreover; does not have to be an expert in 
BASIC to interact successfully with these simulation programs. 

For the sake of illustration, assume students in a tenth-grade 
biology class are working v/rth a Huntington Two program called 
POLUT which simulates pollution of a river, lake, or pond with 
various types of waste matter, it Is the task of each student to 
enter data on prescribed treatments for purifying the water and 
rendering it innocuous to fish. To connplete this task, the student 
chooses -specific numbers from the numerical domains assigned 
to the program variables, which include kind of water, its tempera- 
ture, kind of waste, dumpins rate, and type of treatment. Once 
the data in each of seyeral treatment sets are selected and en- 
tered into the prepared program, the computer returns its disposi- 
tion to the program by typing out data and graphic displays on 
several sheets of fan^folded computer paper (hard copy). The 
result of this dyn?,mlc learning encounter is that each student is 
afforded not only a chance to study itrategles In pollution control 
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but also an opportunity to pafticipate in a vicarioiJs experience, 
The Huntrngton Two packages, however^ presented a lystem 
implementation problem. The programs were prepared for paper # 
tape readers. Technologyville High School did not have these 
machines. The adrriinistration solved the problem by hiring corn= 
puter lystemi e^cperts to convert Huntington programi from 
paper tapes to magnetic media for adaptation to the ichool com^ 
piiter system. These highly trained technology experts hive also 
been available to help teachers code their computer'-assisted in- 
struction programs into computer-based learning materials for 
smooth operation with the existing computer system, 

Technolagyville even offers guidance counseling throLigh com= 
puter programi. And the chess club is experimenting with com^ 
puter chess programs which are games for extracurricular ac- 
tivities. For guidance counseling and gaming applications, a 
student can converse with the computer by touching the screen 
with a light pen, an additional input device. With the gijldance 
programs, the student points to answers shown in multiple choice 
lists, for example* in deciding upon a career or a college- With 
the chess programs, the interaction is much more vibrant The 
screen shows a chess board with the pieces in their initial posi- 
tions, The student who wishes to play against the computer uses 
the light pen to touch each piece in its square and in the square 
it is to move to. The computer displays Its counterniove; and 
the game goes on to checkmate or stalemate. While computer 
chess matches are exciting for the members of the chess club, 
this particular chess program designed and Implemented by 
Dr. King and Mr, Knight, the faculty sponsors, has given a 
decisive advantage to the computer in many a match. 

Although the foregoing illustrations are fictitious, the com- 
puter applications portrayed are typical, with the exception of 
the chess program, of situations occurring tociay In the K-12 
schools In America, The list of computer activities, in fact^ Is far 
from complete. On the more technical side, some vocational- 
technical high schools have computer science programs where 
courses are offered in the operation and repair of computers, 
Other possibilities such as systems maintenance are available. 
Therefore, under the rubric of computer-based learning alterna- 
tives comes a wide assortment of elementary and secondary 
school applications, 
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Cowpuf tr Ttchnology in Socitty 

Today, virtually no one's life is not affected either directly or in» 
directly by the computer. This "thinking machine'' that stores data 
en masse, manages reaUtlme syitems, instructs, plays games, 
makes crucial decisions, and attends to a host of other jntelligent 
activities, has made its way into the home and the school, and 
into political, industrial, commercial, and scientific enterprises. 
The revolution generated by the computer has the experts vyon= 
dering what new applications will be thought of next. 

On-the-horizon applications include television-typewriter cor^^ 
puter terminals in the home. Telephone terminal connections to 
computers, which will deliver messages id people In their homes, 
will be possible when voice answerback systems are perfected. 
Of special interest, too, ii the field of artificial intelligence, a 
discipline primarily poncerned with the ability of comptJters to 
perform intelligent tasks. Researchers have already equipped 
computers with *'armi,'' ''eyes/' and "ears," making them the 
forerunners of Isaac Asimov's robots of tomorrow. 

On the current front appear a plethora of impressive perform- 
ances by computers— all to the benefit of society. The pictures 
show how computer systems aid consumers, scientists, and busi- 
ness people. Computers also provide employment, for people are 
needed to operate, monitor, and service these machines, 

A real-time system is a computer that takes in information, 
processes it, and produces data and decisions rapidly enough 
to Influence the processes being controlled or monitored. Typi- 
cally reaUtime systems involve processes rather than hunnans at 
the consoles of compuiers. For example, a reakime systefn can be 
used by chemists in a laboratory to control an experiment, 
Various devices such as seniors or transducers, under computer 
eonirol, can be coupled to laboratory apparatus and thereby com- 
plete the input, processing, and output cycle. The result is that 
the computer directly aids in the control of the experiment. The 
chemist, however, has the opportunity to interact with thi^ system 
through a conversational terminal connected to the computer, 

ReaUiime systems service the public in many Ways, Examples' 
include airline reservation systems, hospital patient monitoring, 
automobile traffic control, commercial inventory control and in^ 
dusirial proceis control, - u 

Technological advances have now placed the computer m the 
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home* The microcomputer (smaller than the mini) Is the *'reii- 
dent computer" housed In a device VMhlch can be connected to 
the home television set. With this arrangement^ the family can 
enjoy playing games such as tennii, soccer^ basketballi football^ 
and handball on the screen. As the electronic game business 
growSi more games at reduced prices will be offered to the pub* 
lie. The door to all sorts of recreational possibilities has been 
opened through the computer, 

Volumes could be filled on ways In which computers perform 
for people. This fact, in itselfi is a good reason for concerned 
individuals to pursue the study of computers* especially of how 
they can be* of personal service. For further reading along this 
line* The Emerging jBcbnohgy and The Scientific Process and 
the Computer are Invaluable, 
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WHAT TiACHER TRAINIHC INSTITUTIONS ARI DOING 
ABOUT COMPUTER EDUCATION 



I his section ii the result of a imill^scale reiearch project da- 
signed by the author to aictrtain the kind of computer couriei 
currently offered to prospective md pricticing teachers within 
American collages and unlveriltles. T^o hundred-fifty instltutlQns 
of higher education ranging from large^ welUknown universities 
offering the doctorate to small colleges offering only the bac* 
calaureate degree were selected. An eicplanatory letteri a four- 
page questionnaire, and a self-addressed itamped envelope wtre 
sent to 250 college admlnistratori in the fall of 1975. By January, 
1976, responses had been collected from 175, 

Results of a Recent NMbnwide Survey 

The questionnaire was designed to a^amlne the kind of computer 
courses currently offered to teacheri and teacher candidates and 
to elicit opinions from educators on five computer^relat^d topics. 
The first part of the instrument included mandatory objective 
questions; the second, optional subjective topics. 

The objective part of the questionnaire was an overview not 
precise enough to delve into all detdlls of computer coursis of- 
fered at each Inititutlon. Certain patterns emerged, portraying 
the Impact of the computer on teachtr education. 

To grasp the full significance of the conclusions^ the readtr 
should keep in mind the following facti, First, several institutions 
were selected in each state. Second^ while the author did not 
know the extent of the eompgtin| facilities at each Institution 




selected, large prestigious universities were deliberately chosen, 
In other words, the sample was not completely random. Inclusion 
of the great universitiei did not bias the sample in favor of 
impressive compuier programs for all teacheri because there is a 
cancelling effect among these universlHei. That iij some pres^ 
tigious schools do offer comprehensive computer programs, 
while other "name'' schools do not offer them. Third, the survey 
concerned computers only and not hand calculaiors. 

Figure 1 presents the data concerning course offerings. Be- 
cause 126 of the participating institutions had colleges or schools 
of education while only forty^nine had departments of educa^ 
tion^ the word "college*' will be applied as an umbrella term. 

The following statements are assumed: 

1. it is normal in most colleges of education for upper-level 
undergraduates to take lower-level graduate cogrses and vice 
versa. 

2. it Is normal for students in a college of educition to enroll 
in courses outside the college^ but within the same institution, 
for which they have the proper academic prerequisites. 

3. A comprehensive program consiiti of at least three courses, 
among which might bei a survey course leading to computer liter- 
acy; introduction to computer programming; computer-'assisted 
instruction for teaching purposes; and computer-aisiited instruc* 
tlon for learning purposes (such as PLATO, a tutorial system). 
The word comprehens/Ve implies appeal to a general audience 
such as elementary and secondary education majors in any sub- 
ject field. 

4. Special audiences refer to mathematics educattonj natural 
science cducationj business education, or vocatlonil/technlcal 
education majors, to educational adminiilrators, or \o doctoral 
students engaged in research. 

5. General courses denote introductory courses such as com- 
puter literacy or easy BASIC programming. 

E^camined in another way, category A is asiociiied with col- 
leges of education which have recognlied the need for at least 
three computer courses designed for teacheri and aspiring teach- 
ers. Now elementary education, social science, and language arti 
majors all have a chance to participate In computer-related 
courses along with math, science, and business education itu- 
dents* In the opinion of some educators, a sequence of three' com- 
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Computtii^Rtlattd Counts Offtred by Teachir Training 
Institution In the 197^76 Academic Year ' 



iCty to the Categorlts* 

A: College of Education otttri a comprehensive program. Addi- 
tional courses for special audiences may be taken Inside or 
outside the College. 

B: College of Education offers one or two courses similar to those 
within a compreheniive program. Additional courses for spe- 
cial audiences may be taken inside or outside the College. 

C: College of Educallon offers at least one course to a special 
audience. Additional courses for special audiences are avail- 
able outside the Collep, 

D: College of Educaiion offers no courses to teachers, but an- 
other division of the institution such as computer science of- 
fers at least one suitable general course. Additional couries 
for special audiences ire available. 

College of Education offers no courses to teachers. Courses 
applicable to specN audiences are available outside the College. 
F: College of Education offers no courses to teachers. Courses 
applicable to special audiences are not available anywhere 
In the Institution, 

Figure 1 




•The dillneationi for the wtfgorles were set according to the stated con- 
stralnti before assf|^ing InyHuUon^ to divliloni. The same number of 
inititutloni fell In thren difff r#m categories. 
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puter courses constitutes the minimum for teacheri to feel conn^ 
(oriable uilng the computer In their classrooms. The teacher ha^ 
to fiel master of the machine befort feeling the master of th'^ 
clissroom in which the machine contributes to the Instruction, 
In summary, then, unlvenities belonging to A could be consid^ 
ered "computer conscious/' providing diverse options in the seltc*^ 
tlon of computer coursei. 

Staff at colleges of education in category B have established n 
course or two with luch titles as ''Computer Programming and 
Applications for Educators/' "Instructional Uses of Computeri/^ 
''Compulfr Applications in Education/' and **Characteristla 0^ 
Computer- Based instruction/* As the names suggest, theit 
courses would hive wide appeal for teicheri. 

Most colleges of education in group C have recognized tht 
nead for computer education for teachers in statistically oriented 
disciplines. Rather than encourage students of educatiort to taNt 
computer courses in other institutional divisions^ they have di-' 
signed such courses as" "Educationil Data Processing/' --CUf^ 
ficulum Development in EDP for Teachers of Business DbU 
Proceising/* '^Numerical Methodi for Teachers/' and ^'Computer 
Applipalioni in Higher Education Administration/* Some collegi^^ 
of education also feature computer courses for maihematiC$ 
ttachars^ special education teachers^ educational researchers^ 
and school administrators. The thread of commonality In all 
these courses Is their direction not to all teachers but to specifi^^ 
groups of teachers, 

The group D colleges are interesting because these schools 
ihow no evidence of computer courses for teachers. Yet anothtf 
department in each inititution offers at least one general coufi*^ 
in which any student may enroll On these campuses there ap'^ 
pears to be some agreement between the college of education an<^ 
another dlviii^n such as computer science or mathematics. For e?^' 
ample. If the computer science department already has at MM 
one suitable introductory course in appreciating computerij thi^ 
college of education does not need to duplicate that course. 

A case In point Is Brooklyn College of the CUNY system, Whil« 
the School of Iducatlon offers no courses in computer educ«^ 
tion, the department of computer and Information science has ^ 
course whichi according to the department chairman, Is approprij 
ate for teachers. This introductory three-credit course, call^^ 
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''Computers \^ pgr Sodety/* inclu^^ ^Mch t^pia ai the current 
and future roi^^f computen jn socNty^ introduction to data pro- 
cesiing,.the ii^fpfunatlon revoiytion^ b|0c concepts In computer 
technolbgy* ^nd 1^^^"'"^ usl^l ^ prortmming language. 

Other Ins^iiytioni In category ^ a^fm if'^Whr courses. The 
value of thei^ jj^iroductory coursei '^r Wach^rs Is that they pro- 
mote comput^^jiteracy. This awarer^^ii vy^rthwhllt beginning 
for today's tt^^j^gri living In a tecN|»t)| digital society, whether or 
not computer facinties are available th# schools. 

The colleg^g education m ci^^lory E comprise almost half 
of the sampl^; Th^se colleges are P^n 0f institutions which pro- 
vide comptJt^j: courses in diviiior^^ ^utH as business, computer 
science, engj^^grlng, mathtr^atic^^ M nBt^ni science. While 
many are stiit^^i^ for business, ^^^^^m^tm* ^«d science teach- 
ers, the conte^^ pr subject matter of t^^^© cot^rsei 1$ too advanced 
for students elementary educat'^rt. lang^^P aft^i or social 
science educitjon- This is not to say thit Xhe 'atter group of stu- 
dents are ^^N^fiof, but only that ^^mputef courses conducted 
outside the^pii^ge of Education lypjciHy directed toward 
special auditf^^gi or user group^^ ^hui^^ th© College of Engi- 
neering dire^ig cPtJfies to engineer^^ tN department of mathe- 
matics tailors courses for mathe^^^ld^ns, a^d so forth. 

The three ^pllages of educatio^i group f constitute about 2 
percent of th^ i^rriple. One institution [i^pd nO computer facilities, 
The other tw^^ g^ve evidence of u^'^l tht cO^Ptjter for adminis- 
trative application^ OT\\y> 

To summipi^e the Implicttloni thft grapf^ in Figure 1, a ma- 
jority of ^^erican colleges of ed^^^tic^n do not offer ''tailor- 
made" comj^y^gr coufses. Only 3^,5 percent offer computer 
courses, vvhli^ 0,4 percent offer n%^^ If th® T4,9 percent from 
category 0, t^pie that provide at l^^^t ane sH'tible general com- 
puter course Qiytflde the college of Ny^^tfop/ udded to the 36.6 
percent, theri ^y\0 total of Sij pefC^nt itjgg^^ti that about half 
the institutioi^^ higher edgcati^*^ (fi America 'are providing 
ample opporty kilties for computer edM^^^j^^^ 

Unfortun^tgly^ in practice the *Ug^ltion not so clear-cut. 
In most colle|gg these students ha^e ^ ^h^\ce about taking com- 
puter coursei^ jpme professors refT'^f^^i^ that itudtnts of educa- 
tion typically not elect compu^^^ cauries^ At the same time, 
other profeii^j,^ indicated that corh^jy^ier cWnm^ especially in 
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the college of. education, were popular. And a few profes^crs re- 
ported that wher© the colltg^ &f ed^icatlqn does offer computer 
Courses, students #nrolM In other dNsiori of the Instltutbn tiave 
enrolled in these couri^. 

A more qualitative bok ^'t the computer education of teachers 
will be provided In the ne^t lectlon. Nonetheless^ a final rate 
should be mentioned here While the computer was available for 
instructional purpoiis before 1?€0, eipeciilly In the larger, well- 
known instltutioni, by the late ^iKties a vait majority of itiidents 
in higher education had acciis t€ the computer both ai a toeMn 
instruction and as an object of Initruction. In tKe seventiesj how- 
ever, an increasing awareness of the instructional value of the 
Computer has pervaded the colles^* of education. Althougb prog- 
resi is far from rapid, therfe is an encouraging trend. Each year 
additional computer courses for educatsrs are offered, It Is the 
students-^teachers and future teachen— who muit nnake tNe final 
decision to remain Indifferent or get in^volved ^Ith the computer 
through these courses. 



Pi of esiioniil OpItilGins ot\ Teaclier Training 

In an optional section of tht queitlonnaire respondents were en- 
couraged to respond to my or all of fiv^ itatemerts or to w/rite 
personal opinions on computer edijcaticn for teachers. %\%\y'^ 
three of the 175 responderiti chose tc answer at least one topic^ 
replies ranging from one-word answ ers to a seven-page as^a)^. 
The five statements wem: 

1) There Is too little m the way of preparation courses for 
teachers. 

2) Budgetary problems are obstructing the Implementation 
of computer couries. 

3) Many American colleges of education are not providing any 
computer couriei for teachers and are forcing students of 
education to t^ke ccsigrses in other divisions of the uriver- 
sity, 

4) Teachers without cornouter bickgraunds who are ailced to 
teach computer courses should get their training from 
inservice programs provff|d<i by tlieir empioying school 
diitricts. 
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5) Computer couries are not necessary In the school curricu- 
lum (K02); therefore, feachers In general need not be 
concerned with taking computer courses. 

Given the generality of the first statement, the respondents 
supplied multiple answers, Some educators agreed with the state- 
ment, for the most part alluding to the lack of computer courses 
In the curricula of many American colleges of education, Others 
said the e^^lstlng situation was as it should be. Some narrowed 
the statement by referring to teachers according to their subject 
matter or grade, saying computer courses were necessary for 
teachers In fields related to mathematics, Others believed com- 
puter courses should be Incorporated in general in master's pro- 
grams. Respondents who believe the computer should be part of 
the total curriculum agreed with the statement; those who believe 
the computer should be Included in only part of the curriculum, 
such as In mathematics^related subjects^ did not agree with It. 

Statement 2 on budgetary problems seemed to present dif- 
ficulty, for many reipondenti are not Intimately Involved wlt^ 
budgeting In their Institutions and many Ignored the topic com- 
pletely. Some agreed that institutional budgetary problems meant 
computer courses were omitted from the curriculum, Others 
cited more penetrating reasons for paucity of computer courses. 
Among the reasons were the faculty's lack of expertise in instruc- 
tional use of the computer, tducators' fear of the unknown, 
administrators' Ignorance about the instructional worth of the 
computer, and the faculty's failure to attain promotion In the 
university. This last factor stems from the general assumption 
that faculty members who spend great amounts of time experi- 
menting with the computer, developing materials for computer 
use, and implementing computer courses usually lose valuable 
time from more scholarly research or In publishing and thereby 
fail to move up in professorial rank. 

The third statement could be considered a variation on the 
first, The majority opinion affirmed that many American colleges 
of education were not providing any computer courses for teach* 
ers, thereby forcing their concerned students to take technology 
cal courses in other divisions of the university, Educators with 
this Idea are thinking about computer education for $11 teachers. C 
The main ingredient In their conceptualliation Is that computer 
coursei outside the college of education typically require scho- 
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Shows ieachGrs (students) actively Itivolved In the CARE pf p/ecf. Photo 
CQurtwsy of The Pennsylyania State University. 




A NOVEL MOBILE APPROACH TO INDIVIDUaUZED INSTRUCTION FOR 
TEACHERS. The PennsylvaniB State Unis^mity mobile van for dellvenng 
the CARE (Computer^ Assisted Remedial Education) System to teachers in 
rural areas. The inside of the van contains sixteen student stations and 
a central control unit. Photo courtesy The Pennsylvania State Univenity. 



in computers would be difficult if not impossibSo, It is hoped 
ihat this situation will change, 

Patrick C Fischer, head of the computer science department 
of tJe CdieBe of Science at Pennsylvania State Univers.ty, 
offered comments typical of survey respondents; 

wSh li inherently mathematical in nature to perions without a 
background in mathematics. , , n a .^.^^ 

-Siven more budgetary support, we could offer i co^P"'« JP^ 
Dreclatlon" course. This would give i general understanding of the 
S If computers in our society but would not prepire a per- 
son to teach a FORTRAN course in a hiih school. 
The problem underlying computer education for teachers is 
the kind of courses that should be added to the standard cur= 
riculum. These courses must sln^ultaneously have economic 
feasibility for the institution. Instructional apphcabihty to the 
level of the learners, and relevance to the needs of these learn- 
efs-the teachers and future teachers. The following universities 
have solved the problem, at least partially. They are the pioneer 
spools which serve as the exemplars for computer education 
programs. 

Computer Education Programs in Universities 

Teachers College at Columbia University in New York City, long 
a ri^inifed Sder amoni American colleges of education, has a 
proi"m in ■'Computing and Education" which leads to the W^. 
dSfee Blessed wUh its own Burroughs B4700 corriputer m add.- 
Son to thfenormous computing facilities of Columbia Univer- 
sity Teachers College first offered computer courses m 1967. 
Today the "Computing and Education" program -compasses nine 
courL in three major divisions: 1) P^^V^m 
computer communication; 2) adminlst_rative use of ""ipumig, 
and 3) instructional uses of computing, The mam goal of the M A. 
program Is to produce graduates proficient in compu mg and M= 
pab^ of initiating and maintaining computer activities m the^r 
Stutions. For the ambitious student this program can be cory. 
pieted in one year of full-time study, Any student is eligible to 
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elect courses from the program because extensive mathematics 
Is neither required for nor used in any of the courses. 

Titles of courses in the M.A. program are: 1) Computing Liters 
acy—An Introduction to Computing and Education; 2) Pro= 
gramming I: Concepts and Methods; 3) Programming Language 
Workshops; 4) Programming II; The Practlcp of Programming; 
5) The Computer as an Instructional Aid; 6) Teaching Computer 
Programming in Schools and Colleges; 7) Analysis^ Design, and 
Implementation of Administrative Data Processing Systems; 
8) Survey of Administrative Data Processing Systems for Schools 
and Colleges; and 9) Interdisciplinary Colloquium In Computing 
and Education. The languages employed in the programming 
courses are FORTRAN, for mathematical problem solving; 
COBOL, for business problem solving; and BASIC, for general 
problem solving. The overall learning outcome of the M.A. pro- 
gram appears to be how to use the "four wares" cited earlier. 

The College of Education at the University of Illinois In 
Urbana first offered computer courses In 1967. This college had 
an advantage because in 19M the first large-scale computer- 
assisted instruction project was born there. PLATO, Programmed 
Logic for Automatic Teaching Operation, was invented and de- 
veloped under the direction of Donald Bitzer at the Computer- 
Based Education Research Laboratory not far from the College 
of Education. A computer-based educational system for deliver- 
ing CAI to schools and colleges nationwide, PLATO offers instruc- 
tion from the collegiate level to the elementary school level In a 
hundred teaching areas. Therefore, studenti of education at Illinois 
have the advantage of learning their lessons by way of a com* 
puter-teacher, Interacting with the PLATO materials on site, 
and taking courses about how to use the computer in instruction, 

Among these computer courses open to students at Illinois are: 
1) Introduction to Computers for Teachers; 2) Introduction to 
Computers for Secondary School Teachers of Mathematics; 3) 
Computer-Assisted Instruction; 4) The Computer and Mathematics 
Education; 5) Computers for the Whole School; and 6) Com- 
puter Uses in Education. These courses are given in the depart- 
ments of computer science, secondary and continuing educotion, 
and educational psychology. The double value of these courses Is 
that they provide essential preservlce or Iniervlce training in a 
dual capacity. The future teacher or teacher learns not only how 
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xo work with the computer but also how to make the computer 
work In the classroom, The CAI course, for ejcample, covers the 
teacher's role in development; management, and criticism of 
CAI lessons. Instructional programming and the design of CAI 
lessons are part of every student's encounter with this 4-hour 
course, 

Northwestern University boasts a unique computer project in 
Its School of Education, Having produced the MULTITUTOR Sys- 
tem, which is compatible with PLATOj this Computers and Teach= 
ing project is pRftially responsible for the tremendous use of the 
computer at Northwestern, Dr, Claude Mathis, director of the 
Center for the Teaching Professions, which houses the CAT pro- 
ject, says the School of Education administers up to $90,000 worth 
of computer time a year to provide computer-based instruction 
for both learning and teaching purposes. Jim Schuyler> former di- 
rector of the project, was Instrumental in helping establish com- 
puter literacy programs in colleges of education and received 
several requests a year from people wishing to start these courses. 

Northwestern's CAI courses are: 

1) Languages and Sysf ems— provides a full description of 
PLATO IV and TICCIT systems, with partial coverage of Course- 
writer, PILOT, PLANIT, and other CAI languages, Studenis learn 
to write simple programs in TUTOR, the language for the PLATO 
system. (A PLATO terminal is connected from Northwestern to 
the University of Illinois at Urbana.) 

2) CQurBeware Design Semmar— Students learn about educa» 
tional design and produce and test 30-minute CAI segments, 

:u Individual rufor/a/s— Students produce courseware and 
test it in actual "battlefield" conditions. 

In addition to these computer-aided instruction courses, the 
School of Education at Northwestern offers computer-related 
courses in educational research methods. 

The Catholfc University of America offers an impressive set 
of computer courses in the Center for Educatiunal Technology 
at the School of Education, As both inservlce training for teachers 
in the Washington metropolitan area and preservice training for 
M.A, and Ed.D. students in the department of educational tech- 
nology, these courses are specifically directed toward helping 
teachers use these machines effectively In classroom Instruction. 



The course?'^ focus oh r?iudes of in^truttion utilizing comput'^irs 
which Inrludu computer-as^KtcKl instruction, tomputnr-bascd 
problum ^olvlngi romputor-manugtHi instruction, and amiputof' 
aiiiited losing, Thib fonlru^ls with instruction about '^ornpufers 
typically included In computer scienco courses. Included in the 
set are 1) Introduction to Computers in Suciety; 2) Applications of 
Camputers in Lc^arning; 3) Instructional Use^ of Computers I; 4) 
Instructional Uses of Computers II; and 5) Advanced Seminars in 
instructional Computing, Even more computer-based educational 
experiences ate provided through practicums, leminaf^, and 
worksfiops. 

The programs on these four campuses equip the teacher with 
strategies necessary lo effectively teach students with the com- 
puter in the CA! mode. The Pennsylvania State University system, 
CAKE (Computer Assisted Renewal Education), has lesions de- 
livered in the CAI mode to train teachers of the handicapped, 
the disabled^ anci the disadvantaged. 

The uniquo element in the CARE program is the mobile van 
that tal<es CAi to rural and urban sites throughout Pennsylvania 
and neighboring states. It converts to an eighteen-feet wide 
classroom compietr with sixteen student stations* Penn State 
University project staff believe this van represents the first new 
delivery system for continuing education programs since broad- 
cast television. 

CARE comprises four courses, These are: CARE 1; Early 
Identification of Handicapped Children; CARE 2 and 3: Diagnostic 
Prescriptive Teaching of Preschool and Primary Children; and 
CARE 4; Education of Visually Handicapped Children. These 
courses are primarily geared to the needs of special education 
teachers for preschool and elementary school youngsters; yet 
secondary teachers, school administrators, psychologists* and 
other schooUrelaled personnel have also found these courses rele- 
vant to their needs. 

The educative appeal of the CARE program is that three 
credit, collegiate level courses are brought into the educators' 
neighborhoods, Busy teachers can go into the van and use the 
computer equipment to continue their coursework any day or 
evening throughout each week, The one constralnti however, is 
that the teachers must complete their lessons within the seven- 
week period that the van is parked at a particular location, 
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COMPUTIR IDUCATION TRENDS IN 
AMERICAN SCHOOL/BIITRICTS 

^\l970 book titled Tho Cpmpufi^/f1 Sfdondary Schools: A Sur- 
vey of Its InstructionnI and Adm{r(}0&iNe Usugt), cited among 
other important facts that'^matherrlptics teachers usually initiated 
the Instructional application of cofnpu|ers in schools. Consider- 
ing the typical university currLcMlum in ihe 196&, it is no wonder 
that the math leachers were ;th(e aVaht>^arde faculty members In 
American secondary schooU. teacheriw the math field who had 
learned how to think problems thr^bui^^/ilgbrlthmicaHy, that is, in 
a logical sequence of steps, found compi^nlcating with the com- 
puter relatively easy* typically throilgh FORTRAN programs. 
These people for the most part were at home in colleges of 
engineering, business, and liberal arts where computer courses 
first appeared in the curriculum. 

Enthusiastically, secondary mathematics teachers introduced 
the computer for problem solving to their students. Where the in- 
troduction was well e)«ecuted, students readily adapted their learn- 
ing styles to the gadgetry of the computer. Faculty members in 
departments other than mathernatics, however, were usually not 
quite so pliable as the students. Many cesisted using the computer 
at alL Despite the resistance, progress continued largely as the 
result of the missionary work of dedicated individuals and such 
organizations as the National Council of Teachers of Mathematics, 
Mathematical Association of America, Association for Computing 
Machinery, American Federation of information Processing So- 
cieties, EDUCOM^-lnteruniversity Communications Council 
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Inc., Association for Educational Data Systemic and the Asiocia" 
tlon for the Development of Computer-Basad Instructional Syi- 
temi. 

A 1975 study by the American Institutes for Research found 
thai school sysiems are using the computer more fully for admin- 
istrative and initructlonal applications. More schools gain access 
to computers each year while fewer schools are ending com* 
puter uses. In secondary education the most prcdominani appli- 
cations are: 1) using the computer as a problem-solvlng tool; and 
2) offering computer science coursel* where computer science 
relates to programming and systems design and operation. While 
the computer is still used most often in mathematics Instruction^ 
a diversity of other instructional appliCsitions have also been 
recorded. It can be projected that within the next decade every 
secondary school in the country will have access to a computer 
system for some type of administrative or instructional applica- 
tion. 

This same study uncovered significant number of computer 
applications in courses for both junior high and elementary school 
youngsters* These lower-level applications are offered to promote 
compatibility with the educational programs In the high schools, 

A number of current studies support the conclusions that 
1) schools are using and will continue to use computers for in- 
structional purposes; and 2) school admihistrators recognize the 
need for teacher training about computers. Coupled with these 
findings, the author's study shows that college adminiitratofs 
and professors also concur^the time for teacher training Is now* 

Three Models (or Chunge 

Now that the computer appears to be in the school to stay, new 
roles for teachers are emerging. The era of chalk and talk alone 
is ending. This does not mean that the teacher will be replaced 
by the computer. On the contrary, the teacher will always have a 
place In the classroom, be it open or closed. Most educators would 
agree with Harry S, Broudy* emeritus professor of the University 
of Illinois, who says that a mystique In teaching involves a mys- 
terious change that takes place betweeri the teacher and the 
learner during the teaching-learning proceis. The change might 
be from Ignorance to knowledge or from folly to wisdom; but 
whatever this mysterious change is, a rnachine does not have 
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the power that people have to partake of It. Because the mystique 
will always be present In the classroom, the teacher will always 
hold a place as supervlscjr of instruction. It Is In that supervision 
that the teacher will exercise choice of learning strategies and 
alternatives to use to maximize the learning potential of each 
youngster in the class. Here is where the computer enters. 

One suggestion Is that a new department of computer science 
could be created In the senior high school. These teachers would 
be responsible for teaching courses about the computer; problem 
solving through programming; systems design, operation, and 
maintenance; and supervision of other computer-based learning 
experiences. It is also possible that these computer science edy= 
cators would be available to other faculty members in schools 
throughout their districts for consultation and for coordinating 
instructional applications of computers, 

Another possibility, which seems more promising in some 
ways, would be the requirement that all teachers take at least 
three camputer-related courses either through preservice or In- 
service education to gain permanent certification. 

A third model for change would be simply a combination 
of the two preceding ones. In this model teachers would have a 
basic background in general instructional uses of the computer 
and would also be skilled in uses especially suitable to their 
speciaities. The cadre of teachers from the computer science 
department would be available to teach the more rigorous com'- 
puter courses and to render consulting services to the computer- 
wise teachers* 

In summary, the three models for change are: 1) a cadre of 
computer science teacheri in secondary schools; 2) all elemen- 
tary and lecondary school teachers knowledgeable about com- 
puters and their applications; and 3) a team of computer scien- 
tists and computer-literate nonspeclallsts. 

A final consideration Is state departments of public instruction* 
A systematic check of the fifty states revealed that three states 
have incorporated computer science in their certifiable teaching 
areas. Twelve cited computer requirements within data processing 
courses for business or career education teachers. 

The three states with computer science certification are Te?^as, 
Utah, and Wisconsin. The Texas State Board of Education has re- 
cently authorizjBd a teaching field called Computer Information 
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System, The specific requirements for this teaching field are 
twenty-four semester hours, of which twelve must be advancedi 
consiiting primarily of mathematics courses In computer jnforma= 
tion. Utah grants a composite teaching major in the area of Mathe- 
matici/Computer Science/Statistics. The composite major in- 
cludes not less than sixty-two quarter hours of credit distributed 
among these three subjecli. Wisconsin approves both a com- 
puter ictence major and minor, For the major at least thirty-four 
semester credits are necessary; for the minor at least twenty=iwo 
semester credits are required, 

Taken collectively, the stale attitude appears to be one of 
Indifference. There seems to be little chance in the near future 
of any state requirements concerning computer education for all 
teacberi. This does, In effect, place responsibility for initiating 
computer education for teachers where it belongsMn the teacher 
training Institutions, especially the colleges of education. 

Reiults of a Nitional Survey ol Superintendents 

A school survey, featuring a research design similar to that used 
in the college survey, was conducted to check attitudes con- 
cerning the three models for change and the training of teachers 
using computers for Instruction. 

A survey of 125 superintendents in fifty states, which pro- 
duced seventy-eight responses/ ihowed that 52.6 perceht of their 
districts use computers In some way for instruction; 39 j percent 
do not use computers for instruction; and 1.1 percent are making 
plans to use computers on an instructional basis. It should be 
noted that programmable calculators, also called maxicalculators, 
were accepted as computers for this survey. 

The forty-one school districts using computers in at least one 
of their schools and thirty-seven not currently using computers 
In any schools within the district were treated separately in tab- 
ulating lUltudes concerning the models for change mentioned in 
the previous section. These altitudinal responses are shown in 
Figure 2. 

Based on the preferences shown in Figure 2, a plausible 
conjecture is that personnel in school systems using computers 
know from experience that.^glven a choice of the three models, 
having a team of computer specialists work with computer- 
literate nonspecialists Is the best method for facilitating tech- 




Figure 2 



Suptrlntendanti' Preferences Concerning the 
Three Models for Change 

I. Schools Using Computers in Instruction 

1) a computer sdence department in 

secondary schools 17,1% 

2) every teacher required to take three 

computer science courses 17. IW, 

3) a computer science department and every 

teacher trained in basic uses of the computer 51.2% 

4) none preferred 14.6% 

11. Schools Not Currently Using Computers in Instruction 

1) a computer science department In 

secondary schools 43.3% 

2) every teacher required to take three 

computer science courses 10.8% 

3) a computer science department and every 

teacher trained in basic uses of the computer 35,1% 

4) none preferred 10.8% 

nobgical Instruction. On the other hand/ personne! from nohuser 
school systems may believe that the computer is too complex for 
the average teacher to use efficiently In the classroom. Therefore, 
these educators think that computing activities within a school 
district are best left in the hands of computer science specialists. 

On the qualitative side, the research shows that in user schools, 
computing ranges from problem solving in mathematics to mul» 
tiple applications (i.e., CAI, CMI, problem solving, simulation, 
gaming^ and computer science). In some districts only the math 
teacher uses the computer. In other districts as many as a hundred 
teachers use the computer in a variety of ways, The dominant 
trend is for a few mathematics teachers to use the computer ex- 
clusively. In fact, computer applications In mathematics far ex- 
ceed those in other subject areas. Results, however, are encour- 
aging, for some school districts are utilizing the computer in 
multiple departments throughout their schools, 

The survey shows that most teachers who are currently using 
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the computer received instruction through preservice or jn= 
lervice university coursei* including National Science Foundation 
suminer institute courses. The poll also shows inservice training 
leisloni conducted by the employing school districts to be a 
popular method for computer education, To a lesser extent, 
teachers have been trained through Inservice sessions conducted 
by computer manufacturers or by experts at a regional consor- 
\mm such as LOCAL or through individual Instruction from an- 
other teacher. Project LOCAL, Inc., is a consortium near Boston 
for 'teaching teachers to use the computer in science, business 
math, social studies, and elementary classrooms. Sometimes teach» 
ers from the schools serviced by LOCAL help with the instruction. 

Computer education for teachers demands a concerted effort 
by ttiachers, administrators, inservice consortia, colleges, com- 
puter vendors, aducational organizations, and even the govern^ 
mmt If these people are convinced that the computer is a valu- 
able! alternative for effective instruction, they will act together, 
as they have done in some localities, to make the new technology 
worfc for the benefit of all-'^eipecially the students. 
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CONCLUSION 

^omputeri have been used for proeeismg complex mathemat^ 
leal fbrmulii and Intricate statistical procedures to predict educa- 
tional futures. What about the future of the computer in educa- 
tion? A noted futurist, Harold C, Shane, University Professor of Ed- 
uction at Indiana University in Bloomington, presents his thoughts: 

Since the middle slxtlti the computer hai repeatedly and suc- 
cesifully damonstrattd its usefulniss in education. At leait for tha 
foreseeable future thli trind leemi ctrtaln to contlnut. Further- 
more, the impict will continut to be felt from the early childhood 
years threuih the secondary schooL 

At the lame time It must be recognlied that Inereiiing costs. 
Inflation, and. public reslitince to increased expenditures may flat- 
ten the growth curve of the computer In U*S. schools. In the anal- 
ysis It must be recognlied thit schDQling at all levels during 
1171-76 will top $100 billion If state, local, and federal monies are 
added together* * . * With rmpect lo secondary education the com- 
puter has long since become an integral part of higher education 
and also should enjoy Increasing use by various educational agencies 
not on the conventionil college campus. 

Iniofar as teacher educitlon Is concerned, the use of the com- 
puter undoubtedly will be accelerated or slowed depending 
upon the outcome of the present debate regarding competency- 
^ based teacher education and the oi m\B^To^\c mt\^}prpmr^t , , 
therein. 

There is an enormous volume of literature about the com- 
puter. Its Initructlonai applications on all levels^ its failures, and 
its successes. The Annotated Bibliography suggtsts extensive sup- 
plamentary reading for those desiring to pursue either the com^ 
puter on the educational scene or concepts related to those ex- 
pressed in this fastbaclc. 

The question of whether a// teachers or some select group 
of teachers should receive computer education Is an open topic S: 
My hope for the future is tied to my conviction that computm 5 
are for a// teachers will prevail. - 'i^ 
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AnaitiilOr Ernast |, and Judith I. Morgan, HctQf$ Inhibiting thm Uit of 
Cmnputm In InstrvctlQn, EDUCOM, Inttrunlverslty CQmmunicatloni 
Counell, in€., IPrlncaton, H-lf 1^1 Thli widely cited book can be eon^ 
sidirad i clasik. The iuthori- discuss myriad constraints on the use 
df computed for Instructionif purpose and pr^ide luggestioni to 
cortibit, theie Inhibiting fidd^^ ^veral secttoni Involving the re^ 
leirch deslgri and technique of the iuthori are included but can be 
ikipped by readert not Intertsted In reseirch. 

Baker, Justine, The CofTipulef In Ihe School, Fastbaek 56. Phi Delta 
Kappa Educational Foundation, Bioomlngton, Ind^ This faitback, 
written for the genefal readefi furnishes an overvlw of the us^ of 
computers Iri ichools^ highlighting noteworthy computer projects. Short 
sections give the history of computers and their future. A brief section 
provide a history of computers In schools^ 

Bukoskl^^^^^^^M^ J. artd Arthur L, Korotkln. CQmputing Aeciv/cies' In 
Secondary iducBtlon. Arnerlcan Instltyt^ for Research, Washington, 
D,Co 197$* While this spiral notebook of 178 pages Is Invaluable for 
educational researchers, It has general readerihip appeal as well* The 
authors list the typei^of-^^computer^based^ Instruction 1^ 
schools and the klnoi of schools employlnj computer learning systems, 
They also Include comparisons with a 1970 AIR study, which indicate 
changing and stabilizing trends In computer activities In education, 

Carnegie Commission on Higher Education/ The Fourlh Revolution: In- 
structionMl Tachnology In Higher iducatlon-^A Rmport and Recom^ 
mentfai/oni. McCriw-Hill/ Ne^^ 1972; As the title suggests, this 
paperback describes educational technology In colleges and universities. 
Hence, the use of cable TV and video cassettes as well as computer^ 
^assisted Instruction and other technological developments are reported. 
^ This noritechnlcal work includes recommendations for plans to integrate 
new technologies with learning In colleges and even high schools/ 

Conference Board of the Mathematical Sciences (CBMS), Committee on 
Computer Education, RecommendaOoni Regarding Computers In High 

if f c^"c^ ^j'g Otrzi^Qpf ^fi^'^ c g^B o af d ^i^o^ Mathpmatlcal^Sclgncgs, 

Washington, P,C., 1971 This jhort paperback presents decisions of ex- 
perts on such matters as universal computer literacy courses In secon- 
dary schools, use of computers in mathematics ana^ience programs, 
methods for training teachers to use computers In Instrudlon, and 
avenues available to disseminate Information about computing acti- 
vities and curriculum materials/ The te^t Is ripe with ideas for both 
the educator and the public. 

Koch, Warren i* The U$epf Computers In Instruction it) $ecor)dary Schools, 
: The National Association of Secondary School Princtpais, Washington,. 
D.C>> 1972. Although the information Is directed primarily at an audi- 
ence of school administrators, the general reaoer can profit. Intel- 
lectually from this easyMO-read booklet, For administrators and teach- 
ers who want to Initiate computer actlvltl^ In their schools, names and 
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addi^sis of directors of Importint computtr projects are included. 
Brisf descriptions of thei© projects ire also mentioned 
Levien, Roger i., et a/. The Emwrglng Technology: Imtructional Uses of 
the Computer in Higher iducathn, McCraW'^HIII, New York/ 1972. 
As a cempendium on computer technology and their uses In higher 
edujation, this book of almost 600 pages Is second to none. The 
product oi ajomt study by the Carnegie Commission on Higher Edu» 
cation jnd the Rand Corporation, thii nontechnical work can be en- 
joyed by both the computer enthuiiast and the public. Among topla 
covered are the roles of pollticaL educational, and commercial Insti* 
iutions_ involved With computers; the operation of computersj the ex- 
tent of their usesr cost factors related to computing In Institutions] 
_ and the future of computer technology in teaching and learning. 
Milner, Stuart D., editor. Topics In Instructional Computing: Twher Edu- 
cation, Vol, 1, January, 1975, A Special Publication of the Association 
tor Computing Machinery Special Interest Croup on Computer Uses 
in Education. SIGCUi, Klewit Computation Center, Dartmouth Col= 
lege, Hanover, N.H. 03755, This journal contains articles devoted to 
edycaiing prospective and practicing teachers and college instructors 
about mstru^ional applications of computers. The artlcres are chan- 
nel^ into three categories: 1) universlty^based Iniervice and pre- 
service programs; 2) approaches for disiemlnatlng ideas and materials 
about computers; and 3) unique Implicatloni of computing for the 
teacher-learning process. ^ g 

Seldel, Robert J., et al. Leafning Alternatives In US. Education: Where 
Student and Computer Meet. Educational Technology Publications 
Inc^ Englewood Cllffi, 1975. The result of a massive two-year 
study by a group of researchers from the Human Resources Research 
Organization (HumRRO), this 400»page volume Is superb for those wlsh= 
ing to learn the latest about computers in Initructlon. A major section 
of the book is devoted to cemputer-based learning materials (CILM)^ 
what they are; how they are used In various courses of study at dif- 
ferent levels of education; how they are developed;' and ways to de- 
rive^ more benefit from CILM. Methods of providing computer services 
_^!!»r communities and strategies for chapg P Ip #i ^nra, 

m\ m m6 highlighted, the appendices are rich with Information for 
educators who want to initiate, modify, or enhance computer programs 
m their Institutions. r- r- o 

Streeier, Donald N. The Scientific Process and the Computer John 
Wiley and Sons, Inc., New York, 1974 Although this book of about 
500 pages Is somewhat technical, It can be read easily by the general 
public. The text is valuable for its portrayal of the penetration of the ' 
computer In society. Twenty-five case studies of nonedueatlonal uses 
of computers are presented and illustrated with photos and figures. 
The more technical section on management of computer systems can 
be skipped by those who are primarily interested In instructional 
computer uses. 



This book and others in the series are made available at low 
cost through the contributipn of the Phi Delta Kappa Educational 
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of the nature of the educative process and the relation of edu- 
cation to human welfare. It operates by subsidizing authors to 
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understanding of educational problems. 
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endowment should be addressed to The Educational Foundation, 
Phi Delta Kappa, 8th and Union, Bloomington, Indiana 47401, 
The Ohio State University serves as trustee for the Educational 
Foundation. 



You* the reader, can contribute to the Improvement 
of educational literature by reporting your reactions to 
this fastback. What is the outstanding strength of this 
publication? The glaring weakness? What topics do 
you suggest for future fastbacks? Write to Director of 
Publications, PHI DELTA KAPPA, Eighth and Union, 
Box 789, Bloomington, IN 47401. 
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